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Abstract: Bigeye grunt Brachydeuterus auritus is an important economic species in the waters off Sierra Leone
in West Africa, with great ecological value. Based on the survey data of bottom trawl nets from 6 voyages from
2019 to 2021, the body weight-length relationship (WLR), as well as their relative fatness, were studied in depth
using the method of body length and its corresponding mean body weight. This study fitted the WLR of bigeye
grunt by gender, calculated its fullness, and analyzed the influence of environmental factors. The results
showed that month and gender had a significant impact on body length and weight distribution (P<0.01). There
was a highly significant negative correlation (P<0.01) between the condition factor (a) and the allometric factor
(b) in the WLR, and salinity significantly affects b (P<0.05). The (Iga)/b ratio was less affected by environmental
factors which may be related to the body size and density of the fish. The difference in b between male and
female populations was extremely significant (P<0.01). The relative fatness had significant seasonal variation
characteristics, with highly significant effects of sex and body length (P<0.01). With increasing body length, the
relative fatness showed two types of changes, continuously increasing and first increasing then decreasing,
with salinity and b significantly affecting the type of change (P<0.05) and depth having a highly significant
effect (P<0.01). The bigeye grunt off the coast Sierra Leone exhibited significant seasonal growth characteristics,
with significant differences in growth characteristics between male and female individuals. This study
suggested that salinity may be the main factor affecting its growth and development. In addition, this study
hypothesised that the peak breeding season may occur during the dry season, beginning in December and
ending before April of the following year. The study provides updated and more comprehensive insights into
the biology and ecology of the bigeye grunt offshore Sierra Leone, West Africa, which can provide scientific
basis for its resource assessment, development and utilization, and resource management.

Keywords: bigeye grunt; body-length weight relationship; relative fatness; environment factor; Sierra Leone

Key Contribution: The main contribution of this study is to provide updated and more comprehensive insights
into the biology and ecology of the bigeye grunt offshore Sierra Leone, West Africa. We found that bigeye grunt
along the coast of Sierra Leone have distinct seasonal growth characteristics, and we suggest that salinity may
be the main factor affecting its growth and development. In this study, we hypothesised that its reproductive
peak may occur during the dry season, beginning in December and ending before April of the following year.
The result of this study have important implications for the exploitation and management of bigeye grunt
offshore Sierra Leone

1. Introduction

The bigeye grunt (Brachydeuterus auritus) is an important economic fish species near Sierra
Leone, which can be caught by various nets such as bottom trawl nets, gill nets, custom nets, beach
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seine nets, and portable seine nets [1]. Due to its low price and high protein content, it is the main
source of animal protein for many coastal households [2] and is also considered an ideal supplier of
high-quality proteins in the diets of infants [3], making important contribution to food security and
nutritional provision for local people. Due to its inherent commercial value, the bigeye grunt has been
heavily caught in the coastal waters of Sierra Leone in recent years, and its resources may have
declined. Moreover, due to national economic and political reasons, there is a lack of systematic and
scientific fishery surveys in the region, which has led to an extreme lack of research on fisheries
biology and resource assessment [4], and a serious imbalance between fishery production and
management. Hence, understanding the ecological characteristics and biological parameters of Sierra
Leone's coastal fishes is important for the effective assessment, conservation and management of their
fishery resources for sustainable utilisation.

The WLR of fish is the most intuitive characterisation of the low age and small size of fish
individuals [5], and provides an important parameter for fishery resource assessment models [6].
Huang et al. [7], demonstrated the rationality and significance of the WLR power function (W=aL?).
The a values and b values can reflect the stability and adaptability of fish growth [8], which is
influenced by hydrology, season, habitat, bait, sex of fish, growth and development [9,10]. The a value
is the condition factor, which represents the environmental conditions under which the population
grows and responds to the favourable or unfavourable environment in which the population lives
[11]. The b value is the the allometric factor, which reflects the growth status of fish and indicates
the heterogeneity of growth [12]. Relative fatness is the condition index, an extension of body length
and weight that reflects the energy status and nutritional status of fish at the individual level. When
fish of the same species are of equal length, the greater the weight, the higher the relative fatness of
the fish and the healthier it is, which is the premise of using the relative fatness to judge the nutritional
status of the fish. The relative fatness is often related to fish growth, reproduction, swimming ability,
and the ability to withstand exploitation [13-15], and can reflect the population dynamics of fishery
resources, and can also be used to indirectly evaluate the condition of the living environment [16],
which is an indicator of ecosystem suitability [17], and is often used in the conservation evaluation
of fishery resources [18].

Currently, there is a relative lack of systematic scientific research on Sierra Leone's offshore
fishery resources, and research on single species of fish based on fisheries science surveys is even
rarer. Therefore, this study analysed the WLR and the relative fatness of bigeye grunt based on
surveys from 2019-2021, and explored the influence of environment factors, with a view to providing
reasonable parameters for the establishment of a more accurate stock assessment model, and for the
development of effective resource management strategies and conservation measures to ensure the
sustainable use of bigeye grunt in the Coastal Waters off Sierra Leone.

2. Materials and Methods
2.1. Study Area and Data Acquisition

The samples of bigeye grunt used in this paper were obtained from the bottom trawl fishery
resources survey in the coastal waters of Sierra Leone, which covered the areas of 6°52'~8°52" N,
11°37'~13°45' W, with a total of 41 survey stations (Figure 1), and the survey consisted of six cruises,
which were conducted in September in 2019 (Sep), October in 2019 (Oct), December in 2020 (Dec),
January in 2021 (Jan), April in 2021 (Apr) and May in 2021 (May). Research manuscripts reporting
large datasets that are deposited in a publicly available database should specify where the data have
been deposited and provide the relevant accession numbers. If the accession numbers have not yet
been obtained at the time of submission, please state that they will be provided during review. They
must be provided prior to publication.

The survey vessel has an overall length of 42.8 m, a beam of 8 m, a depth of 5.2 m, and a gross
tonnage of 399 t. The survey gear was a single-vessel, sleeved, single bladder trawl with a perimeter
mesh of 480 mesh, and the main scale of the gear was 144 m x 90.13 m. The operating time per station
is 45 to 75 min and the towing speed is 3 to 3.5 kn. For each station, all samples were measured if the
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number of samples was less than 30, and 50 samples were measured if the number of samples was
greater than 30, with a total of 6,642 samples measured.
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Figure 1. The sample area of survey stations.

2.2. Laboratory Analyses

Samples were collected and biological measurements were made in accordance with the Code
of Practice for Marine Surveys (CPMS). Measurements included sex, body length, weight, and
gonadal maturity, with an accuracy of 1 mm for body length and 0.1 g for weight. According to the
visual observation method to record the gonadal maturity and feeding intensity, the gonads were
divided into 6 stages, which were expressed as I~VI, and in this study, the grade IV~VI was
recognised as the gonadal maturity [19].

2.3. Laboratory Analyses

In this paper, the Paudly power function relationship function was used to fit the WLR of the
bigeye grunt [20]. WLR was derived by the formula:

W=alt

where W is the weight (g) and L is the body length (cm); a2 and b are condition factor and the
allometric factor, respectively. To facilitate the analysis of parameter variability, Ina and b were fitted
with linear regressions of natural log-transformed body length and mean weight:

InW=Ilna+bInL (€))]

The parameter a is then calculated:
a=exp(Ina) @)

To avoid taking a value greater than the average weight as a reference point for length selection,
the average weight (Wrm) derived from the average length weight relationship representing the
entire population was chosen here to represent the level of fecundity. The Wrm formula is as follows:

_100W

. me

(©)

rm

where Wrm is relative body weight (%), L is body length, W is measured weight, am is the
geometric mean of the non-abnormal a values of the population in each month, and bm is the
arithmetic mean of the non-abnormal b values of the population in each month. The linear
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relationship between Iga and b was used to test for a2 and b outliers, and when a point deviated from
the regression straight line by more than two times the standard deviation it was considered that the
point corresponded to an abnormal WLR [10,21]. To exclude the possible effect of age differences on
Wrm, samples from the same body length group in each month were taken to calculate Wrm and
analysed comparatively in this study [10].

WLRs were fitted and fecundity calculated separately by sex. Mean body length, skewness of
body length frequency distribution, proportion of sexual maturity, sea surface temperature (SST),
salinity (Sal) and depth (Dep) in each survey month were selected for correlation analyses as factors
that might affect the WLRs, and the measured indicators during the survey period are shown in Table

1.
Table 1. Environment factors of fishery survey.
Survey indicators Sep Oct Dec Jan Apr May
SST/°C 27.76£1.00 27.76x0.79 29.40+0.48 28.64+0.44  28.89+0.39  29.29+0.47
Sal 28.13+5.68 30.70+2.63 31.85+0.79  33.90+0.38 35.54+0.10  35.36+0.47
Dep/m 30.724¢9.40 31.40+7.15 26.94+8.80 25.54+7.59 26.66+8.08 25.51+8.22

2.4. Statistical Analyses

Variability in body length, weight and relative fatness across months and sexes was tested using
one-way ANOVA, skewness of body length frequencies was tested using the Shapiro-Wilk test, and
variability in the parameters of the WLR between sexes, as well as differences in the parameter b
versus 3, was analysed using an independent samples T-test.

3. Results
3.1. Seasonal Changes in Body Length and Weight

The characteristics of the distribution of body length and weight of bigeye grunt are shown in
Table 1. Mean body length of individuals of different sexes varied little from month to month, with
the range of mean body length of females and males from 11.14 (Sep) - 12.26 cm (Apr) and 10.75 (Sep)
- 11.88 cm (Apr), respectively. Month highly significantly (P<0.01) and sex highly significantly
(P<0.01) affected the distribution of mean body length and mean weight in both female and male
groups. Mean body length and weight showed an overall gradual decline over time, with large
decreases in April and May 2021 (Figure 2). The length frequency distribution of fish reflects their
population structure, with multiple age groups in the population when the length frequency is shown
to be right-skewed. Males in September and females in October were right-skewed, suggesting that
walleye nudibranchs contain multiple age groups at this time.
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Figure 2. The boxplot for changes in body length and weight distribution of B. auritus by months.
Table 2. Distribution characteristics of body length and weight of B. auritus.
Month  Sex Sample Length/cm Weight/g
size Range Mean CV  Skewness Range Mean Skewness
Q 102 8~157 1214 153  -0.28nd 15.2~111.2 53.76  23.35
5P J 114 7.8~15.6 11.3 13.7 0.23r 12.8~106.7 4294 20.24
Q 427 56~17.2 11.72 1484 0.15% 59~128.6 54.85 21.41
Oct J 524 6.5~169 1136 21.14 0.11= 5.8~1384 4692 17.8
Q 390 34~17.1 1212 1954 -0.77' 1~118.4 4747  25.07
Dee d 393 5.6~16 10.75 21.14 -0.05% 45~107.5 4197 2233
Q 483 6~16.4 11.14 20.21 -0.01% 54~108.4 4457 23.99
Jan J 559 6.2~15.8 11.4 15.28 -0.21's 5.1~94.6 4274 194
Q 287 52~163 1226 17.85 -0.31% 3~117.8 54.04 29.6
Apr J 349 6.1~16 11.88 16.17 -0.49' 4.8~104.6 4595 23.82
Q 430 52~17.3 11.27 26.11 -0.08' 3.2~134 49.82  33.43
May o) 405 6.2~164 1124 182 -0.15% 59~12.31 4441 23.04

Sample size is the number of data pairs of body length pairing off with body weight; Is represents left skewed
distribution of body length frequency; rs represents right skewed distribution of body length frequency; nd
represents the normal distribution of body-length frequency.

3.2. Seasonal Changes in Body Length and Weight

The parameters of the WLR for the female and male populations of bigeye grunt are shown in
Table 3. Because of the similarities between a and the representation of relative fatness, which will be
analysed in Section 3.6, only b is analysed here.

Table 3. Parameters of body length-weight relationship for female and male B. auritus.

Month Female Male
a (x102) b R2 t a (x102) b R2 t

Sep 3.19 295 098  -11.41" 417 284  0.98 -35.36"
Oct 3.24 294  0.99 -26.28" 2.82 2.99 0.99 -0.74rs
Dec 2.90 297  0.99 -7.22" 2.82 2.99 0.99 -3.22
Jan 2.32 3.05  0.99 27.63" 1.85 314 099 64.64™
Apr 1.34 329 099 125.05™ 1.45 326  0.99 88.15"
May 1.99 313 099 58.55™ 2.15 3.11 099 4441~

a and b are parameters of body length (cm)-weight (g) relationship; R? is correlation coefficient; ¢ is t test for b
(Ho: b=3); ns denotes no significant difference between b and 3 (P>0.05); *denotes significant difference between
b and 3 (P<0.05); **denotes extremely significant difference between b and 3 (P<0.01).

In females, b was highly significant less than 3 (P<0.01) in September, October and December,
with populations dominated by negative anisotropic growth, and highly significant greater than 3
(P<0.01) in January, April and May, with populations dominated by positive anisotropic growth. In
males, b was not significantly different from 3 in October, the population was dominated by
isochronous growth, it was significantly less than 3 (P<0.05) and the population was dominated by
negative anisochronous growth in September and December, and it was highly significant greater
than 3 (P<0.01), so that the population was dominated by positive anisochronous growth.
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3.3. Changes in the Parameters of the WLR

The variation of a4 and b for the bigeye grunt is shown in Figure 3. As a and b showed a highly
significant negative correlation (R<-0.89, P<0.01, Table 5), only b was analysed here to avoid
repetition. Month significantly affected b values (P<0.01), with b increasing and then decreasing over
time. b was less than 3 and negatively anisotropic in October, December and January, and greater
than 3 and positively anisotropic in January, April and May. Sex significantly affected the b-value
(P<0.05), which basically showed an increasing and then decreasing trend over time for both females
and males. Comparisons between male and female populations showed that females had highly
significant b values greater than males in September, April and May (P<0.01), and the b values of
males were highly significantly greater than those of females in the other months (P<0.01, Table 4).
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Figure 3. Changes of condition factor a and allometric factor b of B. auritus by different months.

Table 4. Changes of condition factor a and allometric factor b of B. auritus by different months.

Month
Sep Oct Dec Jan Apr May
F 0.038** 0.94** 0.14** 0.21* 1.34** 0.045**
**denotes extremely significant difference in alometric factors between sexes (P<0.01).

Parameter

Table 5. Correlations between parameters of WLR and potential environment factors for B. auritus.

Proportion of
Mean body  Skewn

Sex b maturity in SST Sal Dep
length ess
female
a -0.89" 051 0.57 0.53 -0.581  -0.85° 0.74
Female
- -0.48 -0.6 -0.55 0486  0.84° -0.61
a -0.9~ 0.07 -0.86' — -0.573  -0.79° 0.73
Male
— -0.12 0.77 — 0522 083 -0.83

values in the table are correlation coefficients; * denotes significant correlation between skewness and a of male
(P<0.05); ** denotes extremely significant correlations between parameters b and a (P<0.01).

3.4. Outlier Tests for Parameters of the WLR

The linear relationship between Iga and b for walleye naked jawed perch for each month is
shown in Figure 4, with no outliers in a values and b values for each month. Thus, am = 0.024 and bm
= 3.06.
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Figure 4. Negative linear relationship between Iga and b for B. auritus.

3.5. Relevance Analysis

The relationship between the parameters of the WLR and the potential influencing factors of the
bigeye grunt is shown in Figure 4. The a values and b values of WLR were highly significantly
negatively correlated (P<0.01), so that a parameter that is positively correlated with one of a and b
must be negatively correlated with the other, and therefore only parameter b is analysed here. Mean
body length, skewness, proportion of sexual maturity, SST and Dep did not significantly affect b, and
Sal significantly affected b values (P<0.05). The b values of females were negatively correlated with
the skewness of the body length frequency distribution, whereas the b values of males were positively
correlated with it. In addition, the a-value of males was significantly and negatively correlated with
the skewness of the frequency distribution of body length, indicating that the more pronounced the
right-skewed distribution of body length, the smaller the a-value of males.

3.6. Seasonal Changes in Relative Fatness

Based on the results in Table 2, samples from the body length group of 10.5-11.5 cm were taken
in this study to calculate the relative fatness, and the results are shown in Figure 5. Males were more
plump than females in all months except December. Relative fatness values were greater than 1 in
September, October and December and less than 1 in January, April and May. In males, relative
fatness decreased and then increased over time, and in females, the trend was consistent with that of
males, except for an unusually large increase in September. Sex highly significantly affected relative
fatness (P<0.01).
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Figure 5. Changes in relative fatness of B. auritus by different months.

The variation of hypertrophy by month, by body length group and by sex was studied and the
results are shown in Figure 6. Changes in relative fatness with increasing body length were variable,
but the trends were generally the same for females and males in the same month. In all the months
investigated, only in January did all the body length groups have a fattening of less than one.

—0— Female --O-- Male
105} oo ]
O T e— @
100F---- O_/_-;-:_gﬁg;/____________p_}. _____ é‘
o— o)

95 k
| /afo..-zo\o '
100 - - - mmmmm e e e o o ] &

-0 <
Q-o-gr @
95t  e—— .
105 F R
& 100f=mmmmmmmmm oo G g ] g
§oost . ~o
,_S L 1 1 [ )
o
2 105f ]
= O\\\.

-%S 100 _____O{____:_Q>O——_~‘,;_G ________________ 3
2 \.\ [a)
95t O 1
105 F o k
100F----- E_thf_o_?ck' __________ 351

o T—e ©

95} =0

o
105} b\o )
\
100F------=-------------- D'\-‘T—'Bk'. """"""" §
— o
95 ]
8 10 12 14 16

Body length/cm


https://doi.org/10.20944/preprints202404.1609.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 April 2024 d0i:10.20944/preprints202404.1609.v1

Figure 6. Changes in relative fatness by body length of B. auritus in different months.

With increasing body length, relative fatness basically showed two types of variation, which
were a continuous decrease (Sep, Oct) and an increase followed by a decrease (Dec, Jan, Apr and
May), respectively. The two types of changes in relative fatness were defined and their correlation
analyses with SST, Sal, Dep and b values showed that Sal and b values significantly influenced the
types of changes in relative fatness (P<0.05) and Dep had a highly significant effect (P<0.01) (Table 6).

Table 6. Comparison in shapes of fatness growth for different months of B. auritus.

Factor SST Sal Dep b
Correlation 0.63 0.88" 0.97" 0.88°
Coefficient

values in the table are correlation coefficients; * denotes significant correlation between shapes of fatness growth
and factor (P<0.05); ** denotes extremely significant correlations between shapes of fatness growth and factor
(P<0.01). (P<0.01).

4. Discussion
4.1. Analysis of the WLR

WLRs in fish vary with region, year or season, and intraspecific variation in WLRs can be
significant due to a variety of factors, with more than a twofold variation in weight estimates based
on length compared to actual [10]. Therefore, how to eliminate the impact of various non-human
factors should attract sufficient attention. In addition, human factors also contribute to the
uncertainty in the estimation of WLRs in fish, for example, the limited number of samples and the
single time of origin lead to a low representativeness of the WLR, and the selection of length
measurements is many times more arbitrary, with randomness in the selection of lengths of the body,
fork lengths, and overall lengths [22]. However, the choice of length is critical for the determination
of the WLR, and for conspecifics, the shorter the chosen measurement length the greater the a value,
i.e., body length > fork length > full length [23]. The biology of the bigeye grunt is currently plagued
by low sample representativeness and different measurement lengths, with body length[24], fork
length [25] and total length [4,26]being used, but current studies do not delve deeply into the errors
or implications of this.

The coastal waters of Sierra Leone have a typical tropical monsoon climate, with the year divided
into a distinct dry season (May to October) and a rainy season (November to April), characterised by
high temperatures throughout the year and small changes in temperature and large changes in
salinity [27]. In this study, the seasonal variation of b-value of bigeye grunt was obvious, which was
greater than 3 in the dry season, showing positive anisotropic growth, where the body height or body
width increased faster than the body length, and the weight of the fish increased faster. In the rainy
season, the b-value was less than 3, showing negative anisotropic growth, where the body length
increased faster than the body height or body width, and the fish became more elongated at this time.
Moreover, the b-value showed a gradual increase and then a gradual decrease during the transition
from the rainy season to the dry season and then to the excess of the rainy season. More interestingly,
it was closer to uniform growth during the alternating rainy and dry seasons (Figure 3), a
phenomenon that was particularly salient since males were less affected by sexual maturity [12]. For
this phenomenon, salinity may be a better explanation for the variation in b-values than water
temperature, as evidenced by the fact that SST did not significantly affect b-values, while salinity
significantly affected them (Table 5). Secondly, although the mean SST value was as high as 29.40 °C
in December, which was close to the SST of the dry season, the salinity was only 31.85, which was
lower than that of January, April and May, and closer to that of the rainy season (Table 1), and the b-
value was more similar to that of October, which was close to the same characteristics as those of the
alternating rainy and dry seasons (Table 3). Bigeye grunt was reported to be a dominant species off
the coast of Sierra Leone with obvious seasonal variation characteristics, with its dominance and
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share of landed catch showing minimum and maximum values in September and April, respectively
[28]. Coincidentally, the b-value and salinity in this study varied in synchrony with it, suggesting that
the dominance of bigeye grunt significantly affected the b-value. We hypothesise that in the coastal
Sierra Leone, which is located in a tropical monsoon climate, salinity not only influences the
abundance of bigeye grunt, but may also be a major factor in regulating their growth, development
and reproduction.

As the WLRs provide the basis for fishery stock assessment and management, we should try to
avoid the variability introduced to them by various external factors. Firstly, nets of the same size
should be used as much as possible during specimen collection to avoid the selectivity of nets leading
to an increased probability of fish with the same characteristics being caught, forexample, gillnets
are more inclined to select fat fish in small individuals and lean fish in large individuals [29]. Secondly,
the selection of samples should exclude early juveniles whose bodies are not yet fully formed and
those over-aged individuals whose body shape is deformed by excessive accumulation of fat [30], In
addition, individuals who are stunted, abnormally thin, or have other pathological causes of physical
deformity should be discarded [10]. Finally, the time span of the sample sources should include every
month as much as possible, and they should be analysed by month to obtain seasonal variation
characteristics.

4.2. Relationship between Parameters a and b

Froese [31] pointed out that even if there are multiple WLRs in the same fish species, there will
still be a definite linear relationship between the logarithm (lga) of the condition factor a and the
allometric factor b, and the relationship graph will form a straight line and can be used to detect
outliers. Similarly, Stergiou et al. [21] statistically analysed the WLR for a large number of different
species of fish and found a negative linear relationship between Iga and b for the same species. In our
study, the parameters of the WLR of the bigeye grunt also conformed to a negative linear correlation,
with b decreasing according to a certain linear relationship as lga increased, and no outliers were
observed (Figure 4). Thus, the ratio of 1ga to b for the same fish may be a constant, and factors such
as time and changes in geography and external environment have little effect on it. Based on fractal
theory [7], fish body shape [10] and fish body density [12] may be the main factors governing the size
of the ratio. Therefore, when discussing the intraspecific variation in the length-body mass
relationship of fish, the relationship between lga and b should first be plotted to detect and exclude
outliers.

Additionally, Froese [31] argued that the slope of Iga versus b can be interpreted as a
morphometric factor for a species or population, which can be used to determine whether the body
size of a particular population or species is significantly different from that of other populations or
species. Kulbicki et al. [22] found that the upper and lower limits of the relationship between Iga and
b may be related to the physical limits of fish body dimensions and suggested that there is a link
between body ratio and WLR in fish. However, apart from detecting outliers or explaining fish
morphology, the linear relationship between Iga and b may still have deeper meanings to be explored.

4.3. Environmental Factors for Relative Fatness

For adult fish, relative fatness decreases during low temperatures or bait shortages, increases
during the spawning season when energy is accumulated for reproductive activities, and then
decreases sharply after the end of the reproductive season. Subsequently, a large amount of food is
consumed to satisfy their physiological activities, resulting in a rapid increase in relative fatness,
especially in females [32]. This is the main cause of seasonal and in-breeding variation in fish
fecundity and the general pattern of variation in adult fish fecundity. In our study, the relative fatness
of bigeye grunt was characterised by significant seasonal variation, with females showing a sudden
increase in December, followed by a sharp decrease in January and a rapid increase in May, which
may characterise significant variation in the breeding season of bigeye grunt. It has been studied that
sexually mature individuals of the bigeye grunt off the coast of Sierra Leone, West Africa, are present
throughout the year, but the proportion of sexually mature individuals is higher in December and
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January [24]. In this study, we found that relative fatness was generally low in January and
rebounded to normal levels in April (Figure 6), so we hypothesised that the peak breeding season
may start in December, with large numbers of reproduction beginning in January and ending by
April of the following year. We also found that b values and relative fatness were significantly lower
in females than in males in January, which supports the conclusion that bigeye grunt are undergoing
breeding activities in January. Therefore, it is hypothesised in this paper that the spawning activity
of bigeye grunt occurs mostly in the dry season, that b value and salinity significantly affect the
variation of their relative fatness (Table 6), and that salinity may be an important factor in regulating
their reproduction. The results we obtained are similar to the breeding habits of most dominant
species along the coast of Sierra Leone, in that the peak breeding season occurs during the dry season
or alternates between the dry and rainy seasons [26,33]. Primary productivity along the coast of Sierra
Leone rises significantly during the dry season [34], providing a large amount of bait for fish, which
may be the main reason for the high reproductive activity of the fish. However, it has been shown
that the breeding period of bigeye grunt along the coast of West Africa varies according to the sea
area, for example, the breeding period of them along the Ivory Coast of Cote d'Ivoire, the coast of
Lagos in Nigeria, and the coast of Senegal is from February to July [25], from July to September [35],
and from October to March [36], respectively, and spawning takes place throughout the year along
the coast of Ghana [37]. Thus, changes in relative fatness of bigeye grunt across coastal waters off the
west coast of Africa are not synchronous and may be directly related to geographic location and
ecology. In addition, bigeye grunt in the coastal waters of West Africa may belong to different
communities, just as the Sierra Leonean waters include two communities, the inshore community
and the offshore community away from the coast [29,38], and there may also be some differences in
the growth and development of the populations in the different communities.

There is a direct relationship between the level of fish relative fatness and the availability of food,
and it is common for feeding habits to shift with increasing body length for the same population
[39,40]. We found significant differences in changes in relative fatness of bigeye grunt from month to
month as body length increased. Small groups of individuals that had not reached sexual maturity
had high levels of relative fatness in September, October and December, with a gradual decrease with
increasing body length, in contrast to the dry season, when small groups of individuals had lower
levels of relative fatness and large individuals had high levels (Figure 6). In January, bigeye grunt
may be in their reproductive prime and the energy stored in mature individuals is depleted, resulting
in lower fattening (Figure 6). Fish feeding conforms to Gerking's "optimal feeding theory", which
states that predators will always feed on the largest possible individual bait to maximise the amount
of energy available [41]. It has been studied that during the rainy season, especially in September and
October towards the end of the rainy season, the richness index of benthic species along the coast of
Sierra Leone decreases significantly [29,42], and the number of species that qualify as optimal food
choices decreases, which may be an important reason for the low level of relative fatness of the large
individual population during the rainy season. In addition, during the rainy season, a large number
of adult marine organisms prefer to move from shallow water to deeper water away from the
coastline [33,43], while juveniles may remain in shallow water due to their weak swimming ability
and avoidance of the risk of predation by large individual marine organisms, which may also
precisely reduce the feeding competition for the ungulates of bigeye grunt and lead to a high level of
relative fatness at this time. Changes in relative fatness are the result of the interaction of various
factors such as environment, physiology, and human activities, and the related issues still need
further research.

5. Summary and Outlook

The findings presented in this study carry substantial implications for fisheries management
practices in Sierra Leone. Through meticulously conducted scientific fisheries surveys, the
researchers have gathered a robust dataset to examine both the WLR and seasonal variations in the
relative fatness of the Bigeye grunt. The parameters derived from the WLR analysis are crucial for
developing precise population assessment models, which are indispensable for setting sustainable
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fishing quotas and maintaining healthy fish populations. Thus, providing a solid scientific
foundation for informed fisheries management decision-making. Furthermore, the observed
fluctuations in the relative fatness underscore the importance of considering specific body size
differences when formulating management strategies. Implementing size-specific regulations can
effectively safeguard populations of different body sizes, thereby ensuring successful reproduction
and population stability. Additionally, understanding the health status of fish populations aids in
predicting potential changes in recruitment patterns and assessing the species' resilience to
environmental fluctuations. In summary, this study offers significant scientific support for fisheries
management in Sierra Leone, aiding in the development of more effective management strategies to
ensure the sustainable utilization of fisheries resources.

Although this study has enriched our understanding of the biological characteristics of the
Bigeye grunt in Sierra Leone, deeper investigations are necessary to enhance our grasp of its biology
and ecology. Areas warranting further research include: (1) Predatory Strategies: Exploring the
dietary composition of individuals of varying body sizes across different seasons and its correlation
with condition factor would provide a more comprehensive insight into their feeding habits. (2)
Environmental Influences: Conducting a more thorough assessment of environmental factors such
as temperature, habitat quality, primary productivity, and food availability on the length-weight
relationship and condition factor variation would elucidate the underlying drivers of seasonal
fluctuations. (3) Long-term Monitoring: Establishing long-term monitoring protocols for the bigeye
grunt population would enable researchers to track changes in growth patterns, health status, and
population dynamics over time. This longitudinal approach would facilitate a better understanding
of the species' responses to environmental changes and fishing pressures. Addressing these aspects
through further research endeavors will not only broaden our understanding of the bigeye grunt’s
ecology but also provide valuable insights for its conservation and sustainable management.
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